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paw 	puvrpoirkifs Eva' HATTON OF THE IRIS TOXICOLOGY REVIEW 
OF CriLORtn-r, ehE - ObJLC IlftS 

• Independent critical review and integration of the epidemiological, toxicological 
and mechanistic evidence published to date on chloroprene as a human 
carcinogen 

• Evaluation of the IRIS Toxicological Review of Chloroprene (US EPA, 2010), and 
especially the IUR, in light of NRC guidance for improved IRIS evaluations and 
new publications 



pav 	Eimv•rpows EVALUATION OF THE IRIS TOXICOLOGICAL REVIEW 
OF ChLuirvut-r N4E - FilmumiGS 

Updating the IUR is warranted based on several key points: 

1. Epidemiological evidence may have been misinterpreted 

• Epidemiology insufficient to conclude that chloroprene causes cancer in humans 

• Data are inadequate for determining risk estimates 

2. Published IUR included influential adjustments and multiple upward rounding 

3. Reliance on animal evidence for risk estimates requires fuller consideration of 
evidence of profound interspecies differences 

• Tumor incidence indicates differences in sensitivity 

• New studies clearly demonstrate toxicokinetic differences 

• Current best practices would indicate validated PBPK modeling (as used with VCM) 



OVERVIEW OF 2010 TOXICOLOGICAL REVIEW 

• Review was finalized and published in 2010 (US EPA, 2010) 

• EPA classified chloroprene as "likely to be a human carcinogen" 

• Basis for EPA's carcinogenicity classification: 

• Results from the National Toxicology Program (NTP, 1998) chronic inhalation bioassay; 

• Associations noted between chloroprene exposure and liver cancer in four of nine 
studies; 

• Limited evidence of an association between chloroprene exposure and lung cancer; 

• Proposed mutagenic mode of action; and 

• Analogies drawn between chloroprene, 1,3-butadiene and vinyl chloride monomer 

• EPA established an IUR of 5 x 10-4  (pg/m3)-1  in the Toxicological Review 
https://cfipub.ebi'.govincea/iris2/chemicalLanding.cfm?substance nmbr=1021  



ivr)c (7011, 2014) NOTA3LE RECOMVENDATIONS FOR IMPROVING THE 
IKiS PitOCL3S 

Greater documentation and transparency needed regarding 

• Inclusion and exclusion criteria 

• How studies are evaluated: quality assessment and weighting 

• Impact of study methods 

• Validity of exposure metrics or surrogates 

Better integration of data across all lines of scientific evidence 

• Is there consistency across lines of evidence? 

• What are the plausible biological explanations for inconsistencies, e.g., toxicokinetic 
differences across species that impact dose-response relationships? 



APPLTCATToN OF F4 "C  Frcf:nriF%-r -iuniirroNS IN THE IMF-Ev4ILIATION OF 
CHLurvurr E TOxiCITY Dcoiun.nitATE N. -0 TO UI'OATE Wit 

• Revisiting the epidemiological evidence 

• Marsh et al. (2007 a,b) is the most robust epidemiology study of chloroprene exposed workers 

• No excess liver or respiratory cancers; no notable association with chloroprene exposure 

• Revisiting evidence supporting a mutagenic MOA 

• Standard in vivo genotoxicity tests are negative 

• Evidence of point mutations is inconsistent in in vitro assays 

• Evidence suggests a cytotoxic MOA as an alternative to a genotoxic MOA 

• Toxicokinetic evidence, including new published data 

• Totality of published, peer-reviewed evidence, including recent analyses using a validated PBPK model, 
highlight the need to address differences in toxicokinetics, especially if an IUR is based on mouse data 

Integration of the evidence strongly suggests that the responses relied on for the IUR are 
unique to the mouse. Absent strong, affirmative epidemiological evidence of cancer risk, 
employing an approach that quantitatively addresses differences between the mouse and 
human is critical. 



Vl EIGHT OF EPIDEMIOLOGICAL EVIDENCE SHOULD BE REEVALUATED 

• Occupational cohort studies have been conducted around the world 

• U.S. and Western European cohorts (Pell 1978, Leet & Selevan 1982, Colonna & 
Leydevant 2001, Marsh et al. 2007 a,b) 

• Eastern European and Asian cohorts (Bulbulyan et al. 1998,1999, Li et al. 1989) 

• US and Western European cohort studies are more robust 

• Pooled study (Marsh et al, 2007 a,b) is the largest and strongest 

• Eastern European and Asian cohorts have significant limitations 

• Poor documentation of cohort enumeration and inadequate reference rates 

• Low statistical power and unstable relative risk estimates 

• Poor occupational exposure assessment, including identification and consideration of 
potentially consequential confounding factors 

US and Western cohort studies warrant greater weight 



KEY LIMITATIONS IN THE ARYONIAN, RUSSIAN AND CHIVE ,E COHORTS 

• Results are unstable and unreliable primarily due to small study populations in which 
the expected number of specific cancer deaths is often less than two. 

• Inaccurate or inappropriate reference population rates leading to improper estimates 
of expected deaths. 

• Additional methodological weaknesses including poor characterization of chloroprene 
and other chemical and lifestyle exposures. 

• Inadequate consideration of other causes of liver and lung cancers prevalent outside 
of the US and western Europe. 

• China: high rates of liver cancer due to hepatitis B viral infection and aflatoxin 
exposure 

• Armenia and Russia: High prevalence and levels of cigarette smoking and alcohol 
consumption 

• No updates have been conducted of the Chinese, Russian, or Armenian cohorts to 
clarify or confirm the mixed and unstable findings. 



MARSH ET AL. (2007) STUDY FINDINGS SHOULD BE GIVEN GREATEST WEIGHT 

USEPA Criteria 

US Study (Marsh et al., 2007) Other Studies 

Kentucky' 
North 

Ireland' 
Louisiana' France-M'' Armenian France-It ^ Russia' China 3  

Clear objectives Fit H H H H-M H 

Comparison 
groups 

H H-M H-M M M M M-L 

Exposure H H H H M M L 

Follow-up H H-M H H-M M-L M-L M-L M-L 

Case 
ascertainment 

H H-M H-M H-M M M M H-M 

Control of bias H-M H-M H-M M M-L M M 

Sample size H H M L M-L L H-M M-L 

Data collection and 
evaluation 

H H H H M M M-L M-L 

Adequate response H H H H M M M H-M 

Documentation of 
results 

H H H H M-L M M L 

Overall rank 
(1=best) 

1 2 3 4 5 5 j 5 6 

from Bukowski. 2009 
I Subjective estimate of study quality for each specific criterion H=high. M=medium. L=low 
1 — Marsh et al 2007: 2 — Bulbulyan et al 1999: 3 — Colonna et al 2001: 4 — Bulbulyan et al 1998: 5 — Li et 31 1989 
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Moscow ra 
1979-1993 o 

1992-1993 (liver 

COMPARISON OF KEY CRITERIA ACROSS 

Key Criteria 

Sample Size 

US and Europe 	Armenia 	 Russia 
	

China 
(Marsh et al. 2007) (Bulbulyan et al. 1999) (Bulbulyan et al. 1998) (Li et al. 1989) 

French, Irish and US 
12,430 	 2,314 

	
5,185 
	

1,258 
(KY -200,000 py) 

Follow-up 	 1949-2000 	 1979-1993 	 1979-199 

Exposure 
	

Exposure modeling - 	Index (none, low, high)- 	Index (none, med, high)- High vs. low based 
Assessment 
	

7 categories 	 before/after 1980 	IH (inadequate) + job 	on recall 

National, local plant 
area counties 
1960-1994 

Armenian rates 
1980-1989 

Baseline rates 

Used local rate 
comparisons; 	Alcohol use (high cirrhosis Alcohol use (high cirrhosis 	Hepatitis B and 

Confounding 	Low prevalence of 	rates) and smoking 	rates) and smoking; 	aflatoxin; 
other liver cancer risk 	 prevalent 	 Co-exposure to VC 	Co-exposure to VC 

factors 
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SUMMARY OF OH RT RESULTS SH W INC NSISTENCIES 

Cohort 

Chinese 

Russian 

Armenian 

French 

Irish 

US KY 

US LA 

Lung Cancer 
SMR (95% CI) 

5.13 (0.62-18.5) 

1.40 (0.9-2.0) 

0.53 (0.24-1.19) 

0.47 (0.13-1.20) 

0.78 (0.56-1.05) 

0.75 (0.66-0.85) 

0.55 (0.26-1.00)  

Liver Cancer 
SMR (95% CI) 

2.42 (0.89-5.3) 

2.40 (1.1-4.3) 

3.27 (1.5-7.3)  

0.56 (0.01-3.1) 

0.24 (0.01-1.34) 

0.90 (0.52-1.4) 

0.00 (0.0-2.4) 

Source: Bukowski 2009 
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MARSH STUDY SH WS NO LIVER OR LUNG CANCER RISKS 

Marsh et al. (2007 a,b) study demonstrates no lung or liver cancer excess risk and no 
clear exposure-response (e.g., largest US plant) 

Respiratory Cancer RRs and SMRs 	 Liver Cancer RRs and SMRs by Cumulative CD Exposure, Louisville 
by Cumulative CD Exposure. Louisville 

Cum (ppm-yrs) 
	 Curn (ppm-yrs) 

Number of observed deaths shown above bar 
Number of observed deaths shown abovebar 	 RRs also adjusted for gender 
RRs also adjusted for gender 
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MARSH ET AL. (2007) CONCLUSION 

"We conclude that persons exposed to chloroprene or vinyl chloride at the levels 
encountered in the four study sites did not have elevated risks of mortality from any 
of the causes of death examined, including all cancers combined and lung and liver 

cancer, the cancer sites of a priori interest" 

"This conclusion is corroborated by our detailed analyses of mortality in relation to 
qualitative and quantitative exposures to CD and VC at each of the four study sites." 

G.M. Marsh et al. / Chemico-Biological Interactions 166 (2007) 285-300 



EPIDEMIOLOGICAL SUMMARY 

• A re-evaluation of the epidemiological evidence is warranted, including a critical review 
and synthesis. 

• Marsh et al. (2007 a,b) should be weighted significantly more than studies from Asia, 
Russia and Armenia. 

• A weight of evidence evaluation of the most robust studies does not demonstrate a 
causal association between chloroprene exposure and lung or liver cancers. 
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)ISTENT AND SHOULD BE RECONSIDER D 
Not Supporting 

In Vitro 

• Not mutagenic in Ames test in two of four publications (NTP 1998; 
Zeiger et al. 1987 ); freshly distilled chloroprene not mutagenic 
(Westphal et al., 1994) 

• Not a point mutagen in V79 cells (Drevon and Kuroki, 1979) 

• (1-chloroethenyl)oxirane metabolite did not induce micronuclei in 
V79 cells (Himmelstein et al. 2001) 

• Ames and DNA adduct studies of (1-chloroethenyl) oxirane 
metabolite show specificity with G/C and not A/T bases (Koch et 
al., 1994) 

In Vivo 

• Not directly DNA reactive in conventional NTP (1998) studies 

• No induced Sex Linked Recessive Lethals by direct injection 
(Drosophila melanogaster) in one of two publications (Foureman et 
al., 1994) 

• Excess A to T transversions inconsistent with result from Ames and 
DNA adduct studies (Himmelstein et al. 2001; Munter et al. 2002) 

• Dose related decrease in ras mutation induction in mouse lung cells 
conflicts with the dose related increase in lung tumors (Sills et al., 
1999) 

EVIDENCE OF GENOTOXICITY IS INCON 

Supporting 

In Vitro 

• Mutagenic in Ames test in two of four publications (Bartsch et 
al. 1979; Willems 1980); only aged chloroprene mutagenic 

• (1-chloroethenyl)oxirane metabolite mutagenic in the Ames 
test without S9 mix using a pre-incubation test method 
(Himmelstein et al., 2001) 

• (1-chloroethenyl)oxirane metabolite of chloroprene reacts with 
nucleosides and double stranded DNA to form DNA adducts 
(Munter et al., 2002; 2007a, b) 

In Vivo 

• Induced Sex Linked Recessive Lethals via feeding (Drosophila 
melanogaster) in one of two publications (Vogel 1979) 

• Excess A to T transversions in oncogene codons in mouse lung 
and Harderian tumor cells (Sills et al., 1999) 

Weight of evidence not consistent with 
mutagenic MOA; based on NRC 
recommendations, alternative MOAs 
should be considered. 
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EVTr=irtirE SUPPORTS AN ALTE1NATIVE MOA BASED ON TARGET SITE 
ToxiciTY 

• Evidence for an alternative MOA 

• Toxicity and hyperplasia at tumor target sites (e.g., nose, oral cavity, and/or bronchioles) in mice/rats indicates 
induced cell proliferation, leading to increased expression of pre-existing mutations (NTP, 1998) 

• A to T transversions found in spontaneous mouse lung tumors (e.g., Buzard, 1996) 

• Dose-related mouse lung bronchiolar hyperplasia consistent with increased lung tumors (NTP, 1998) 

• Oncogene mutation kinetics are inverse to tumor incidence (e.g., Sills et al., 1999) 

• Absence of DNA interaction (other than toxicity) in NTP (1998) genotoxicity studies 

• No chromosome damage or point mutation in cultured mammalian cells (Shelby 1990; NTP 1998) 

• Toxicity studies show a progression of events consistent with alternative MOA (e.g., Melnick et al., 1996) 

• Comparisons to 1,3-butadiene 

• Chloroprene genotoxicity profile differs considerably from known carcinogens such as 1,3-butadiene 

• Greater tissue injury than butadiene in rodents points to role in increased tumor incidence (NTP, 1998) 

There is considerable evidence to support an alternative MOA 
18 



Lung tumors in female 
mice as a systemic effec 

1.8 x 10-4  

umu 

UN ERTAI TIES IN THE URRENT IUR DUE T UNDERLYING ASSUMPTI. NS 

Step IUR per 

ug/m3  
Basis Resulting 

Increase in IUR 
Cumulative 
Increase in IUR 

Factor 0/0  Factor 0/0  

Most sensitive 
endpoint/species 
(systemic lesion DAF=1) 

Lung tumors in female 
mice as a portal-of-entry 
effect 

Multiple tumors 

Rounding 

Adjustment (without 
rounding) 

Adjustment 
roundin 

11111111 
50% 

111111111111111111111111111111 

Most sensitive 
endpoint/species 
	

1.06 x 10-4  
(portal-of-entry DAF=1.7) 

Multiple tumor adjustment 2.7 x 10-4  

Rounding 	 3 x 10-4  

Application of ADAF 
	

4.5 x10-4  

1.5 

1.1 

1.5 

Application of ADAF 5x 10-4  

   

50% 
	

4.2 
	

324% 
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NEW DATA SUPPORT NE ED TO USE CONTEMPORARY PEPK MODELING 

• Studies published by Yang et al. (2012) and Thomas et al. (2013) provide support and 
validation for the PBPK models originally presented by Himmelstein et al. (2004). 

• Allen et al. (2014) developed and applied a method that combines available PBPK 
models for chloroprene with a statistical maximum likelihood approach to evaluate 
differences in low-dose risk of respiratory system cancer across species. 

• Results from human and animal studies were used to assess the difference between risk 
estimates based on both external and internal dose metrics. 

• The results demonstrate that the internal dose metric (pmoles of metabolized chloroprene/g 
lung/day) provides the statistically equivalent human- and animal-based risk estimates. 

• In addition, Allen et al. (2014) conducted uncertainty analyses to address the question of cross- 
species pharmacodynamic differences. 

• The findings from Allen et al. (2014) indicate that an IUR that incorporates cross-species 
differences in pharmacokinetics would be on the order of 100 times lower than the 
current IUR (based on lung tumors in mice). 



CONSIDERATI • N OF RE ENT SCIENCE RESULTS IN A SIGNIFICANTLY 
DIFFERE T IUR 

Resulting 
Decrease in 

IUR per ug/m3 	 Basis 
	

IUR 

US EPA (2010) 	1.81 x 10-4 
	Lung tumors in female mice as a 

systemic effect 

W 

Allen et al. (2014) 	1.86 x 10-6  
PBPK dosimetric adjust 

lung tumors in female mic 
systemic effect 



CHLOROPRENE IUR IS NOT CONSISTENT WITH SIMILAR, BUT KNOV 
CARCINOGENS 

Compound (Year of IUR per 	Basis 
	

PBPK 	 Carcinogenicity 
Review) 	 ug/m3 

	
adjustment classification 

5 x 10-4 	Multiple tumors in mice, 
mutagenic MOA 

3 x 10-5 	Human occupational studies 

2 x 10-6  to 
Human occupational studies 

7.8 x 10-6  

Chloroprene (2010) 

1,3 Butadiene 
(2002a) 

Benzene (2002b) 

No 
Possibly 

Carcinogenic 

No 	Known Carcinogen 

Vinyl Chloride (2000) 4.4 x 10-6 	Liver tumors in rats 

Tetrachloroethylene 
(2012) 

2.6 X10 -7 	Liver tumors in mice Yes 
Likely to be 

Carcinogenic 

PBPK adjusted IUR for chloroprene is in line with that of compounds that are known carcinogens; 
IUR for VCM is based on animal data, but with PBPK model dosimetric adjustments 
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BAS[ S FOR RECONSIDERATION OF CULT :ENT IUR 

• Epidemiological evidence is inadequate for risk assessment. 

• Most robust studies do not support a causal association between occupational exposures to 
chloroprene and cancer. 

• Assumptions and uncertainties in current IUR are not supported by the science; 
rounding adds additional layers of conservativism. 

• 	Risk assessment based on animal studies 

• Should be based on most sensitive species/end point because of assumption of a single MOA 
that should be protective of other tumors/sites. 

• Toxicokinetic data indicate toxicokinetic differences that are consistent with observed responses 
across species; data indicate mice are the most sensitive species due to differences in the 
metabolism of chloroprene and detoxification of the chloroprene metabolite. 

• PBPK modeling is best approach for extrapolating from animals to humans; a PBPK model is 
available and validated (Himmelstein et al., 2004; Yang et al. 2012; Allen et al. 2014). 

If IUR is based on mouse data, adjustments for differences in pharmacokinetics 
(e.g., the use of PBPK modelling) are needed to obtain the most scientifically 
sound value consistent with the available evidence. 



NEXT STEPS 

• Follow-up call or meeting to examine key points in greater detail 

• Provide support or documentation on questions related to our analyses 

• Formal request for updating the IRIS review and risk numbers? 

THANK YOU 

Kenneth A. Mundt, PhD, FACE 	kmundt@ramboll.com   

P. Robinan Gentry, PhD, DABT 	rgentry@ramboll.com   

Sonja Sax, ScD 	 ssax@ramboll.com   
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